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ABSTRACT 

Eighty-two children*, (ages 4.4 to 6.5 years) vere 
adiinistered a Backward Digit Span test to aeasuxe M-space and four 
conservation tasks (nuaber* substance, continuous quantity, and 
weight). Based upon a neo^Fiagetian theory of intellectual 
development proposed by PascualrLeone (1969), tiro hypotheses vere 
tested: (1) A significant relation should exist between a child 1 * . 
ft-space and his/her ability to conserve; /(2) Children should not 
conserve when the nuaber of "figurative schenes" reguiied to solve 
the task v eice*eds their H-space. , Significant correlations vere found 
anong M-space and, nuabet, substance, and continuous quantity tasks. 
As predicted, none of 11 children with Hrspaces of e M deaonstrated 
conservation, Contrary to theoretical predictions, a substantial 
nuaber of children vith M-spaces of e f 2 conserved all four 
quantities, it is argued that it aay be possible to retai'n the idea 
of^ tf-space as a constraint on reasoning, ability if, thedletical 
stateaents regarding the nuaber of r^fluired figurative scheaes are 
modified. (Author) 
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Eighty-two children' (ages- 4.4 to 6.5 years) were 
administered a Backward Digit Span test to measure M-space % 
and four conservation tasks (number, substance, continuous, 
quantity, and weight) . Based upon a neo-Piagetian theory 
of intellectual development proposed by Pascual-Leone ( 1969) 
two hypotheses werc^gsted. (1) A significant relation 
should exist between a child's M-space and his ability to 
conserve; (2) Children 'Should not Unserve when the number 
of "figurative schemes" required to solve the task exceeds 
their M-space* • 



in 
O 

ERLC 



Sijgnificant correlations were found ajnong M-space and 
* number^ substance, and 'continuous quantity tasks. As -pre- 
dicted none of 11 children with M-spaces of e + 1 demonstrated 
conservation. Contrary to theoretical predictions, a substaU- • 
tial number of children with M-spaces of e + 2 conserved all 
♦four quantities - . It is argued that it may be possible 'to re- 
tain tfie^idea of M-space as a constraint on reasoning ability 
"if theoretical statements regarding the number of required - , 
figurative schemes are modified. 

A necj-Piagetian model of intellectual development proposed by Pascual- 
Leone (Pascual-Leone and Smith,, 1969; Pascua'l-Letfne , 1969; in press) has 
recently received a good d^al of support by the work of Case and others 
(Case, 1972a, 1972b; Case, 1974a, 1974b; Case, 1975; C4se and Globerson/ 
1974). In brief, tbe Pascual-Leone model postulates four* necessary factors 
for, successful 'reasoning in specific task situations: (1) The child must 
possess appropriate "figurative schemes" in his cognitive repertoire. The 
construction pf thes%. schemes is interpreted as a function of learning ; (2.) V 
The chtld must obtain a certain degree of field independence Vitfr respect to 
the given situation;- (3) Tfie child must have a tendency, T/hen two incompatible 
schemes might be activated, to activate only that scheme which is compatible 
with the largest number of other schemes. This i$ interpreted as. a universal 
tendency and is roughly synonymous with Piaget r s concept of equilibrium * and 
(4) the child must fiave a mental capacity (M-space)' large 'enough to coordinate 
the required schemes. • ' 



*AES0P (Advancing Education Through Science Oriented Programs) is supj>«rted 
by a grant from the National Science Foundation. ' 
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According to Pascual-Leone , M-space increases as a function of age. 
ChildVen 3-4 years 61d have a maxiciurc M-space of e + 1, white 5-6 year old 
children have a ^on^ximum M-space of e + *1, and so on up to age 15-16 when the 
growth of M-£>pace stops at approximately e + 7, The e_ represents the mental 
effort (or energy, or Capacity, or space) require^ to attend to specific 
easily^ understood knd remembered questions posed by given tasks* The 

•numerals represent the maximum number of figurative schemes which can tfe 
successfully ^coordinated at a given time to answer the specific questions. 

• Pascual-Leone uses this idea to explain <$hy children of linite^ X-space do 
' not demonstrate conservation reasoning* The reason is that conservation 
Requires coordinati-on of a certain number or^tigurative schemes and in manv 
instances this number simply exceeds the child's M-space. . For example, 
children age 5-6 have a jnaximum M-spaTce of e + 2. They normally will not 
demonstrate conservation of substance- because this -conservation , according 



to the thfcoxy, requires the. actuation of the following e^ 3 schemes: 

t (e) an 'executive scheme representing the questipn 'd<j the balls still * 
. have the same amount of clay in them'? and directing the child's * 
attention to the task materials; / — 
(lj a figurative scheme representing the information that 'nothing 
i has been added to or taken aWay fr<?m the ball which was .trans formed T 

(2) a. figurative, schema representing the rule that T if nothing is added 
to^or taken away, £hen the amount stays , the 'samd 1 ; 

(3) a figurative scheme representing the fact that 'the balls were 
originally equal Lft\anount ' . *yj 

Likewise children with an M-scace yf e i 3 or less vill not demonstrate ^ 
' conservation of weight bec£u£^ this conservation reouires activation of 
the above e + J schemes plus a figurative scheme representing the informa- 
tion that 'equal amounts of clay "weigh the same*. * % 

s This theory then allows for precise predictions* It has" what Popper 
has called f alsif i-ability which is, characteristic oft powerful theoretical 
statements. (Popper , 1959)U The prediction based on Pascual-Leone' s theory 

^hich this investigation sought to test was this. If M-^pace does places a 
^dn&t'rairit on tjie number of figurative schemes a child can coordinate, dnd 
if conservation does in fact require the coordination of a specifier number ' 
of figurative schemes, then not only should a positive relationship ex/st 
between a child's M-space* and his ability to demonstrate conservation 
reasoning, but children should not demonstrate conservation of quantities ( 
for which the required v number of figurative schemes exceeds <heir ^space. B 

• .. " ■ ' j » « * 

' . ^THOD * . " 

' . Subjects , Eighty-*two children (37 males and 45 females) who ranged in 
age £rOm years to £.5 years, mean age * 5.6 years, served as subjects. ' 
„ The children wetfe enrolled in nursery school al^d kindergarten classes from 
thr£e schools located iU upper-niddit . class neighborhoods in the San Francisco 
Bay Area.* In , none of the classes had the children been instructed with 
newly developed currfoular materials which placed emphasis on conservation 
skillS. IQ data were not av£ila*ble for these children, however, data 
gathered from older, students in the saine school districts showed the average 
IQ to be approxltn4tely/ll5. 
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^Casks and Procedures , M-space was measured by using a test- t»f Backward 
Digit Span (Case, 1975). Each child was tested individually. Tfce instruction* 
and actual series of random digits" were fcape-recorded. The test was preceded 
by an instruction period which included a ausjber'of practice items. Following* 
the^practice period, subjects (Ss) were asked to repeat ten two-digit series, 
ten three-digit series and ten four-digft seizes backward. The nate of digit 1 
> presentation u K as approximately one per ^second and each series 'was--preceded and 
followed by an auditory signal* Testing was discontinued after S failed four 
consecutive series of digits. If at any time during the testing S was in need 
6f more time, the tape was. stopped and not started again until S was ready for 
the next series. Each S f s score was obtained by suinning the total'nurJber of 
digit series that was accurately reversed. If an S failed to ^orrectly reverse 
any of the two digit-seriejj h^ .was considered to .have an M-space of e. + 1.G-. 
If he correctly reversed all ten of the two-digit series ^nd none of the 
three-digit series he was considered to have an M-space of e + 2*0* If he 
correctly reversed all of the two-digit series and "5 of the three-digit series 
he was considered to have an M-space of e + 2*5 and so on. The split-half 
reliability of the treasure was .83. ' / ' - 

The conservation tasks administered were conservation of number, sub- 
stance, continuous quantity and weight. All conservation questions were 
asked in a counterbalanced order. * Ihe tasks were individually administered 
in <the order ip, which they are listed below.. Since each t^sk has been 
'employed by previous investigators, only brief descriptions of the tasks 
and materials -used are incl'udedA' * 



For weight (e.g., Elkind, 1961) , two balls of clay were pres^^d S 
r — tall was thea transformed into a pancake shape. According t flp scuax- 
Leone the M-space requirement of this task is e 4- 4 as taentioned previou&l*'. 

To measure continuous quantity (e.g.* Goldschmid; 1967) two identical 
beakers (100 ml). were filled with equal amounts of water. The water fro* * 
one beaker was th£n poured into a 50-ml pyrtfjt graduated cylinder. 
* 

For substance <e» g. » EUcind ? 1961) two balls of clay were presented S. 
One ball was, transformed into a' f tiotdog f shape, " f 

For number (e.g. » Goldschmid, 1967) two rotfs of plastic poker thips 
were placed on the table/ Each row containe/i $i'x chips/* One row was 
shortened by pusfiln^ the chips together while the other row was lengthened 
by spreading the chips* spart. ■ 

i 

The M-space demand for the continuous quantity, substance, and numljer 
tasks is' assumed to be e >+ 3, The executive scheme anil figut^ive schetDes 
required for the 'conservation of , substance h^tve been listed above, . Th^oo* 
required for the continuous quantity' and number tasks are the ssrae except, 
of course, S oust reason about liquify amount aad number of plastic chips • 
rather than solid amount. For Ss to be judged conserved they h£i' to re- 
spondv T sajne T and offeij valid explanations fq£ their, answeri , e;{£, iderltit/ — 
they are the same because you did not ajld aiSJ^lting or take anything away, 
inversion reveriSlbilf ty — it is the saie because you^c^uld pour the water back 
into the glass to thc^ same lervel reciprocity reversibility — is thv saire be- 
cause it is shorter but it is fflso wider. A. conservation response followed 
by a correct explanation was awarded two points. , A Conservation response 
followed by an incorrect explanation wa& awarded one poinL while a nuncopstc- 
vation response was awarded zero points*. * * A ' 

ERJC , ' 4 . * ■ , V ' ' • ^ 
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Response^ on the Backward Digit Span (BDSJ measure ranged between M~space 
values of e + 1.0 to e + 3.2, with a mean of e + 2. 2 and standard deviation of 
•53* For children of these ages (4.4 to 6.5 years) this range is very close 
to thar stated by Pascual-Leone (Case, 1972b; Case, 1974a) . 

Intexcorrelations among the^conservation task scores, M-spice, and ^ 
age are shown ih Table I. Inspection of the table shows positive and sig- 
nificant correlations between M-sp^ce' and the coflservation of number, sub- 
stance, anVl continuous quantity tasks (.*29 Co .50 p<.0l to .001). M-sp^ce 
correlated) significantly with age as well (-38, p<.001), . Intercorrelations * 
'among the/conservation tasks wetfe substantial (.52 to .84, p^.001). The 
conservation of weight task, hcwevet', did pot correlate signficantly^with 
M-space (.13) <Sr with age (,07^. 







TABLE 


1 


1 






SPEARfiAN 


CORRELATION COEFFICIENTS FOR TASKS 


ADMINISTERED AND AGE (N = 82 J 




Variable 3 


M-Spa'ce 

< 


Num. * 


Sub. 


Cont. 

/ 


> 

Wgt. Age< 






« 






- \ 






Num 


50** « 

• 


1 


# 


• 


* • 




Sub 




" ,67** 


1 


* 










.62** 


..84** 


* 










-.52** 


.63** 


.65** 


X 






38'** 

* 


.31* 


.34** 


.34** - 


.07 * X. 





a M-Spac£ *. Backward Digit Sp'an, Num. « conservation of number, 
Sub. » conservation of substance, Cont* = conser^tion of continuous quantity , 
Wgt. * conservation of weight* 



*P<-01 ' 

' • ■ ' * . f 



r 



**p<.001 



In order to fefroup Ss into disorete Mrspace levels, score* on tlj^ BDS 
test were rounded off to the nearest whole number. Thre£ groups of Ss 
were formed irk this manner. The number of Ss. at each M-space\level "and 
the proportion who demonstrated conservation reasoning Ci respoftsQ of 

are shown in fable 2'. ] V 



'same 1 followed by a correct explanation) are shown in Zable Z\ ] None of 



the Ss with M-space values of *e + 1 demonstrate^ conseiva&ipn reasoning 
on any of the four tasks. Also, for each task, Ss with M-space& of e + 3 
t demonstrated a higher percentage of conservation responses than Ss with 

* Mrspaces of e + 2, Group differences were anlyzpfl for significance by 
calculating chi-square values for each task. Jfte calculated chi~square 

• 5 
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values are shown in Table 2, On the conservation of number task group 
differences were significant beyond the .001 level (X 2 = 23.99) . Group 
differences on the conservation of substance and^continuous quantity tasks 
were also significant (X 2 = 9.38, p<.01) . On the conservation of weight 
task, group differences reached significance at the .10 level (X 2 = 3. A3) . 

Of particular, importance with regard to 'the r predictions which this 

investigation "sougfit £o test, a substantial percentage of Ss with M-spaces 

pf e + 2 demonstrated conservation j-easoning on viil four tasks (53% on 

number to 22% on weight) . Alsa a substantial -percentage of Ss with M-spaces 

of e + 3 demonstrated conservation of weight (26%). # - 

* • ■ 



TABLE 2 



PROPORTION OF CONSERVATION 
FOJR SUBJECTS V 




SPOSSES AND CORRECT EXPLANATIONS* 
DIFFERENT M-SPACES ' • 







^J-Space 




* 


Conservation 
* Task 


(n =» 11) 


e + 2 
(n = 40) 


e + 3 
(n = 31) 


Total 


* - 

Number, 


(00) 
0/11 


(53) 
21/40 


(84) , 
• 26/31 ! 


(57) 
• 47/82 


Substance 


G00) 
0/11 

\ 


(45) 
18/40 


(52) . 
16/31 


> 

' • (42) 
34/82 


Continuous 
Quantity 


' (00) 
0/11 . 

(00) 
0/11 


(35)"~ 
14/40 

r~" • 


(52) 
16/31 


(37) 
30/8*2 


Weight 


.(23) 
9/40 


(26) 
8/31 


(21) 
17/82 



Chi* 
(d.f. = 2.) 



23.99*** 



9.38** 
9 . 38** 

3.43* 



Note; Figures in parentheses, represent percentages of subjects who demonstrated 
• conservation responses artd correct explanations. 
^ v 

*p<.10 ' * t 

**p<V:01 » 

***p<.000 " / • ■ • 
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The initial prediction that a positive relationship should exist 
between M-space and conservation* reasoning ability has been confirmed. 
Although only eleven Ss were foundf to have M-£paces of e + 1, none 
demonstrated conservation reasoning. This result is Supportive of Pascual- 
Leone* f s position' that M-space places, a constraint on reasoning ability, . 
Further, since a significant positive correlation (.38, p^.001) was ob- 
tained between 4fcs pate and. age , the hypothesis that M-space increases 
.wittt age was also supported. The* obtained M-space range (e + 1.0 to e + 3.2) 



/ 



for Ss of this age range 64'.4 years to 6.5 yearb) also was very 'close to 
that predicted by the theory. 

A number of results, however, ucrt found wiich appear to be quite contra- 
dictory to "the theory . Recall that M-space is interpreted by Pascual-Leone « 
as' *a necessary condition for solving a Piagetian ,task at the normal age level 
and under noma! learning conditions (Case, 1972b,' p. 342). Since the jnaximum 
measured M-space for Ss in this study *'as e + 3.2, none of the 5s, according 
to tne tneory, should have demonstrated conservation of weight since it theo- 
reticalLy requires the coordination of e + 4 schemes. Also i\one of the 40 
Ss with M-»6paces of ye + 2 should have demonstrated conservation reasoning on* 
a ny of the tasks Since alT the tasks supposedly required coordination of at 
least e + 3 scheme^ for successful completion. Lp should be p9inted but, once 
again, that in none of the classes from which Ss had been selected had learning 
activities been conducted which *ere specifically designed to 'train conservation 
skills. Ln other words these students were found to have normal K-spaces ^for 
their, age range, and the learning conditions/in their classrooms were also 
'nomal/ nevertheless, a large percentage of students demonstrated conservation 
reasoning* This re.sult clearly appears contradictory to the theoretical 
predictions. * 

, Prior to discussing a process which may make it possible f or ^e + 2 Ss to 
conserve, a brief comment on the measurement of M-space should be made. Pascual 
Leone, distinguishes two measures of M-space , functional M-space and M-space 
capacity. Functional M~space is that M-space brought to^bare in. specific situ- 
ations and, in some cases, it may be lfisj> than the maxima M-space or M-space 
cap'acitj. Whether or not a person uses his full M-space capacity depends upon 
the situation. With this distinction in mind, it may be that the BDS test 
produced a measure of functional M-space less than Ss maximum J^-space capacity. 
Tfre conservation tasks, on the othei^hand, may have been "conducted in *uch a 
way as to allow S to use his maximum M-space. If this were jhecase, then 
the reason some of the Ss were able to conserve was because they did in fact 
have M-spaces lfe+3ote+4 and this fact simply did not show up on the 
BDS test ^Llice it measured functional M-space. This explanation is, however, 
quite inadequate for the following reckon. Ss perforated very well on the BDS 
test relative to M-space capacity, norths established by Pascual-Leone and Case 
(Case 1972b; Case, 1974a). In other words, the obtained M-space range of 
e + 1.0 ^o e + 3.2 was not below what would be expected for children. of these 
ages. In fact, it wak slightly above the norm. Since M-space capacity vari.ee 
little from population to population* (Pascual-Leone, personal communication), 
the obtained M-space values for tjiis sample were most* likely very close to 
maximum,. ■ 

One additional result appears to be in .need of explanation. Since 
the number, substance, and continuous quantity tasks all pre^umabl^y required 
the coordination of e + 3„schenes for successful completion, .it 'tinght.be 
expected that these tasks would be of nearly equal difficulty. Reference, 
once again, to Table 2 shows that 47 of the*82 Ss conserved number, ( n 5 7%) . 
On the substance task, thlsT figure was only 42%, while, on the continuous 
quantity task the percentage was still smeller (37%). This difference ln 
proportion of conservation responses was found to be significant (Cochran 1 ** 



Q = 2Q.17, d.r . = 2, p<VJ02; Siegel, 19S6 , pp. 161-166). 1 Perhaps these 
differences can be accounted for by differences in anount of "perceptual 
pull 11 of .the, ta*ks thers^lves. Ihe slfcaain^ perceptual cues of the con- 
tinuous quantity and substance, tasks nav greater than those for the number 
task. Indeed, the continuous quantitv and substance tasks involve perceptual 
transforations in t^ T o dimensions while only a tranforrration in length is 
performed durinc tne nurb^r task. Tm* '.pothesis vould lead one to predict 
^ that Ss who deronstrated conservation of iIa tnree quantities are rjore field 
independent man those who conserved vil - narber. This h/pothesis, however, 
will not account for the fewer number of correct responses on the weight 
task (217), since the pull of the perceptual f icld for this task and the 
substance task would' seer to %e nearl\ identical, 

iiow car these data be accounted for and still retain the idea of M-s^ace 
4s a constraint on the + growth of conservation reasoning across different 
quantities 0 The tneorv states: (1) correct judgrents result fron a coorai- 
r nation of ps\chologicall v unitary 'elements called figurative schenes; <2) the 
runber of such scheres w'hich can be coordinated at any one tire is 1 tinted b> 
the si^e of c«e person's fiela cf centration or M-space; and O) the size of • 
this X-space can be de tercined by a ireusure of Backward Digit Spar, Secon- 
darily, and indr^ewftent of the theory, tne number of s figurative scherres 
used for any ta'sk is determined bv analyses of explanations given on tasks • 
This provides for specification of the precise rflirber of. figurati ve , scheres t 
(n) which appear to be activated for any one task. Tne theory uses the 
result of tnis to predict that conservation responses wi 11 .not jbe ^ol tamed 
fropi an S whose, M-space is exceeded by n, Success of this prediction de- 
pends upon the tneoretical statements being accurate, upon an accurate 
determination of \be nurber of schemes required by each specific ta*k 
^ and unon accurate reasurerent of the variables involved. Our re^uKs 
* indicate failure but do not reveal its source, 

ft X * 

Soo^support for the theoretical statements cores from perfcrrranc- 
of the tf-space + 1 Ss. "Ihe theory predicts failure on the conservation 
tas*,s bv these Ss since it holds that judgments (bv definition) re^uir* a 
can Iron of two figurative scares. \ Imitation of one fipurjitive >cher< j 
implies no possibility for inferential judgrert. It regains t' 1 content »^ 
the success of the M-space ^ ^ 2 Ss, It no wav < an be founH to *rcue the 
possibilfty ot an M-space - e +' 2 conservation re'-pon*e, then it v. ill be • aat 
ruch rare difficult to believe the theor/. If, however, it is possrblp to , 
4 arrive at a conservation response under the e« * 2 .on^traint, ^her x* *%-r 
that tbe'theory can be retained while onlv ^.tatercnts lennhng tne require 
number ,of figurative schemes* 'need be icodified, 

\s an example of an 6 + 2 conservation response, the following sequence could 
apply to the substance or cojitinuou^ quantity t*<-V<-. t/j^c rirort^r (i ) asK r 

Ms there the sare anount of clay in both, ur does one Xavt irore than the otuer 
(or some equivalent question)? 1 S "reasons" with the following *rh*w\: 

(ej) An executive \cheme representing the question r do the balls nave 
the sar*' arcunh of clay in then' 1 



In fact the four conservation tasks toJv<ed * unltliir^nt i^iial ordered stalt* a 
determined bv a Guttman scalogram analvsit . "Ihis anaiy*js v a test of the 
invariant ord^r of acquisition of tiie conservation concepts. A coefficient 
of reproducibility of .97 wa<? obtained wjth the sailed ord* r as folJowsi 
% mmbfr, substance, continuous quantity, weight. 
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(1) A figurative* scheme representing the f act ^that 'the balls wcjre the 
sajne at the start. 1 
(62) An executive scheme representing the question ' f did E change this 
amount? 1 • 

(e-j) An additional executive scheme representing the question ^ f how does 
one change the amount?' * 
(1) A figurative scheme representing the rule r to change the atfloiuit 

you must add clay to or take clay away. r v ) 

(e^) A figurative scheme representing the fact that f E did not, add clay 

to nor take clay away from the ball which was transformed. 1 

- * 1 * 

• % 

Correct conservation reasoning then requires the coordination of the following 
e + 2 schemes: * \ 

(ej) An executive scheme representing the question f do the pieces 
still have the same amount of clay in them? 1 

(1) A figurative scheme representing the rulfc 'to change the amount 
you must add clay or take clay away. 1 

(2) A figurative scheme representing the formation r E did not add 
clay to or take clay away from the ball which was transformed/ 

f 

Therefcrre E dq.d not change the amount i.e,, they are still the same. 

By introducing additional executive schemes in this way the M-space 
constraint of e + 2 is never exceeded and successful conservation reasoning 
is possible. Crucial to the validity of this explanation is S*s use of self- 
chosen executive scheme,* replacing E*s original question/ If S can indeed 
do this, he then can presum'ably coordinate the final two figurative schemes 
without overloading M-space, There is, however, a credibility trade off 
here* loo many executive schemes lowers credibility since it suggests highly 
skillful ability to ask the right question at the right time. The other 
conservations' require no different arguments but others can be offeced. For 
example, the conse-rvat ion of number could be coded by S into the executive 
scheme 'count the two rows/ S must retain in memory the number obtained for 
one row, however, he need not pay attention to nor use, knowledge of thfe 
trans formation of the rows. As for conservation of weight , suppose that 
'amount 1 and 'weight* become interchangeable in the context of the experiment, 
i^e.j S* recognizes that you can change the one only by changing the other 
TlJen S need only proceed as outlined above. In response to counter-suggestions 
or to justify their origihaL responses, S's neqd only point out that E 
did nothing to change the amounts involved. This. does not imply that S 
required a separate step, in M-space to explicitly use the equivalence 6f 
amount and weight. Some Ss make no reference to the amount. This further 
supports the idea that "it is mot necessary to reason in terms of amount and 
then substitute weight for amount in the conclusion. Presumably Ss with 
M-spaces of e + 2 who do equate weight and substance demonstrate conservation * 
of weight, while tbose who do not make this equivalence do not conserve weight. 

It would appear that a truly stringent ttst of the theory would require 
construction of a task (other than conservation) for which it is necessary 
(at least compellingly reasonable) to contlude tttat an^Nspace of e + 3 is 
deeded for success* The data presented here suggest that use of the ideas 
of increasing M-space and coordination of % specif ic figurative schemes to 
explain the order of acquisition of conservations has district limitations. 
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